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Pd，Pd@Pt，Pd-Ag 纳米晶体及 Au 胶体晶体的可控合成，结合合成过程中的热
力学与动力学条件进行分析，对其形成机理进行了探讨。主要得到了以下结果
和结论： 
1. 以甲酸为还原剂，用一步法和晶种生长法合成形貌可控且表面无 CO 配
体的 Pd 纳米晶体。甲酸在贵金属表面氧化的具体路径取决于金属的类型，反应
温度和反应环境的 pH等条件，但是最终的氧化产物往往只是 CO2和 H2O。我们
的工作明确的说明，不同于常用的抗坏血酸和甲醛还原，使用甲酸为还原剂合
成的贵金属纳米颗粒具有表面无 CO 的特性。 
2. 在不使用 PVP 等聚合物表面吸附剂的情况下，合成碳黑负载的 Pd@Pt3-4L 
核壳结构，并研究其电催化氧还原的性质。我们将八面体 Pd 种子预先负载在碳
黑表面，再向 Pd 表面沉积 Pt。碳黑载体的使用能使纳米晶体在没有表面活性剂
的情况下良好分散。通过优化反应条件，我们实现了 Pt在碳负载的 Pd表面层层
生长。通过XPS测试，我们确定了八面体Pd@Pt3-4L核壳结构表面无PVP存在。
ORR 测试结果表明，表面清洁的八面体 Pd@Pt3-4L/C 催化剂的特征表面活性比
PVP稳定的 Pd@Pt3-4L/C催化剂高出 50 %，是商用碳载铂催化剂特征表面活性的
五倍。 
3. 通过调控金属间界面能控制合成八面体 Pd-Ag 二聚体，我们通过向 Pd 纳
米晶体生长 Ag的合成体系中加入硫化物，使 Pd 晶种表面可控地硫化，实现 Ag

















地合成了 PdAg 二聚体或核壳结构。并且成功地将这一合成方法扩展到 PdAu 异
质结构的合成中。 
4. 以上述八面体 PdAg 二聚体纳米晶体作为模板，室温下与 Pt 前驱物进行
置换反应。在置换反应过程中，PdAg 二聚体中的金属 Ag 作为还原剂提供电子，
由于电子能够在金属 Ag和 Pd 组分之间流动，八面体金属 Pd 部分作为置换反应
的阴极，使外加的 Pt 前驱物在 Pd 表面发生还原，从而复制了金属 Pd 的形貌信
息。与由 Pd@Ag核壳结构与 Pt 前驱物置换反应的结果相比，使用 PdAg二聚体
为种子得到的 Pd@AgPt具有更致密平滑的 Pt壳层，在内核被刻蚀后依然能保持
自支撑的空心八面体结构。这一方法也可以用于与 Au 前驱物的反应。 































Noble metal nanomaterials have been widely studied in the fields of catalysis, 
optics, electronic devices and biomedicine. In general, the properties of noble metal 
nanocrystals are related to their size, morphology and surface structure. In order to 
improve the performance of noble metal nanocrystals in a specific application, the 
controllable synthesis of noble metal nanocrystals with specific structural features has 
been an active research topic in recent years. Although researchers have developed a 
myriad of synthetic methods, and summarized some synthetic experience and growth 
mechanism for the fabrication of noble metal nanomaterials.  It still cannot meet the 
need of basic research and industrial applications. So we need to develop more efficient 
method with clear mechanism for the controllable synthesis of noble metal nanocrystals, 
to explore their properties. 
In this dissertation, with Pd baed noble metal nanocrystal synthesis system as the 
main research object, we synthesized Pd, Pd@Pt/C, Pd-Ag dimer nanocrystals and Au 
colloidal crystals in the controlled manner, combined with the analyzing of the 
thermodynamic and kinetic conditions of the synthesis process, the formation 
mechanisms of these structures are discussed. The main research results are 
summarized as follows: 
1. We demonstrated a facile route to the shape-controlled synthesis of Pd 
nanocrystals in an aqueous solution with formic acid serving as a reducing agent. 
Specifically, Pd cubic nanocrystals with different edge lengths could be obtained by 
introducing KBr as a capping agent. The as-prepared Pd nanocubes could also serve as 
seeds for the formation of Pd polyhedra with different shapes. Different from the Pd 
nanocrystals synthesized using ascorbic or formaldehyde as a reductant, the Pd 
nanocrystals prepared with formic acid showed no CO on the surface as confirmed by 
ATR-FT-IR. In addition to Pd, we believe this synthetic method can also be extended 
to other noble metals for the synthesis of CO-free nanocrystals. 
2. We demonstrated a method free of polymer stabilizer for the synthesis of 
Pd@Pt3-4L octahedral nanocrystals with enhanced ORR activity. We loaded Pd 
octahedral seeds on carbon black prior to Pt deposition. Uniform and conformal 
deposition of Pt on the Pd octahedral nanocrystals could be achieved by optimizing the 

















free of PVP. For oxygen reduction, this catalyst exhibited a specific activity 50% higher 
than that of the PVP-stabilized counterpart, and about 5-fold enhancement relative to a 
commercial Pt/C catalyst.  
3. Through regulation of the interface energy between the metal Pd and Ag, we 
can synthesis Pd-Ag dimers in a controlled manner. By adding sulfide to the synthesis 
system, sulfureted surfaces were achieved by the Pd nanocrystal seeds, the interface 
energy of Pd and Ag was changed, leading to the formation of PdAg dimer structure. 
This method was extended to the synthesis of PdAu hetero structure. 
4. Galvanic replacement reaction (GRR) between octahedral PdAg dimer 
nanocrystals and Pt precursor was carried out at room temperature. In the process of 
GRR, metal Ag act as the reducing agent and provide electrons, as electrons can flow 
from metal Ag to Pd components, octahedral Pd can act as cathode in the GRR, so the 
Pt precursor could also be reduced on the Pd surface, thus copied the  morphology 
information of octahedral Pd. Compared with the products obtained from GRR between 
Pd@Ag core-shell structure and Pt precursor, the Pt component in Pd@AgPt structure 
obtained from PdAg dimer is more compact and smooth, can still maintain the hollow 
self-supporting structure after the octahedral Pd was etched away. 
5. By regarding dodecanethiol-capped Au NCs as building blocks and taking self-
assembly of the Au NCs into colloidal crystals as the crystallization model. We found 
that the structure of the colloidal crystal mainly depends on the competition of crystal 
cohesive energy and surface free energy. By rationally selecting the solvent, the 
cohesive energy can be adjusted, and the structure of the colloidal crystal can be tuned. 
When the interaction between building blocks is weak, the crystal cohesive energy is 
low, and PCT structures can be formed. It is also demonstrated that the thermodynamic 
factors are the origin for pentagonal cyclic twinning.  
Finally, conclusions and prospects are given to pose the opportunities and 
challenges of controllable synthesis of noble metal nanocrystals. 





























































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
